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ABSTRACT 
 
   The objective of this study is to conduct a field survey in order to find out the values 
of the factors affecting the agricultural machinery operation cost in farming processes, 
and then substitute these values in calculating the agricultural machinery operations 
costs using the equations developed by the American Society of Agricultural and Bio-
logical Engineers (ASABE) and compare the results with the actual costs of agricultural 
machinery operations collected from the field. 
   A survey and data collection were conducted via visits to the Ministry of Agriculture 
and Forestry- Department of Agricultural Engineering, the Sudanese Harvesters Com-
pany, Central Trading Company, Alneelain Insurance Co., the Agricultural Bank (Su-
dan), Hilat Kuku Souk for second hand agricultural machinery and the Central Bank of 
Sudan, beside interviews with agricultural machinery users in both public and private 
sectors. 
  The study covered the calculation of agricultural machinery cost of operation for three 
processes; primary tillage, secondary tillage and harvesting). In all three processes, a 
New Holland tractor model TT75, 3- bottom disc plough, Faza 4rows ridger and Crop 
Tiger Wheel-TAF 28 harvester were used. 
   Using the ASABE equations, the cost of operation for the primary tillage by the disc 
plough was found to be SDG 46.60 per feddan,  SDG 34.83 per feddan for the second-
ary tillage operation using ridger and SDG166.73 per feddan  for the cost of harvesting 
using harvester, while the actual values of the average cost of operation per feddan  for 
the primary and secondary tillage  operations  using disc plough and ridger  were found 
to be SDG 35 and SDG20 per feddan  respectively, and  the average cost of operation 
for wheat harvesting process using harvester was  SDG40 per feddan . 
  The study has revealed a considerable variation in the operation cost per feddan for 
agricultural machines when the equations of the ASABE were applied as compared to 
the actual cost per feddan for agricultural processes collected from the field in Sudan, a 
matter which calls for further field studies to recheck validity of findings stated in this 
research, aiming at setting standards for the calculations of agricultural machinery cost 
of operation in the Sudan. 
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 ﻣﺴﺘﺨﻠﺺ اﻟﺒﺤﺚ
ﺍﻟﻌﻭﺍﻤل ﺍﻟﻤﺅﺜﺭﺓ ﻓﻲ ﺤﺴـﺎﺏ ﺘﻜـﺎﻟﻴﻑ  ﻗﻴﻡ   ﺠﺭﺍﺀ ﻤﺴﺢ ﻤﻴﺩﺍﻨﻲ ﻟﻤﻌﺭﻓﺔِٳﺘﻬﺩﻑ ﻫﺫﻩ ﺍﻟﺩﺭﺍﺴﺔ ﺍﻟﻲ 
ﻟﻴﺎﺕ ﺍﻟﺯﺭﺍﻋﻴﺔ ﻓﻲ ﺍﻟﻌﻤﻠﻴﺎﺕ ﺍﻟﺯﺭﺍﻋﻴﺔ ﺜﻡ ﺘﻌﻭﻴﺽ ﻫﺫﻩ ﺍﻟﻘﻴﻡ ﻓﻲ ﺤﺴﺎﺏ ﺘﻜﻠﻔﺔ ﺍﻟﺘﺸـﻐﻴل  ﻵﺘﺸﻐﻴل  ﺍ
ﺔ ﻨ  ـﻭﺍﻟﺤﻴﻭﻴﺔ  ﻭﻤﻘﺎﺭ ﻟﻴﺎﺕ ﺍﻟﺯﺭﺍﻋﻴﺔ  ﺒﺎﺴﺘﺨﺩﺍﻡ   ﻤﻌﺎﺩﻻﺕ ﺍﻟﺠﻤﻌﻴﺔ ﺍﻻﻤﺭﻴﻜﻴﺔ ﻟﻠﻬﻨﺩﺴﺔ ﺍﻟﺯﺭﺍﻋﻴﺔٓﻟﻼ
 .ﻟﻴﺎﺕ ﺍﻟﺯﺭﺍﻋﻴﺔ   ﻓﻲ ﺍﻟﺴﻭﺩﺍﻥ ٓﺍﻟﻨﺘﺎﺌﺞ  ﺒﺘﻜﻠﻔﺔ ﺍﻟﺘﺸﻐﻴل ﺍﻟﻔﻌﻠﻴﺔ ﻟﻼ
ﻋﻥ ﻁﺭﻴﻕ  ﺯﻴﺎﺭﺍﺕ ﻤﻴﺩﺍﻨﻴﺔ ﻟﻜل ﻤﻥ ﻭﺯﺍﺭﺓ ﺍﻟﺯﺭﺍﻋـﺔ  ﻭﺠﻤﻊ ﺍﻟﻤﻌﻠﻭﻤﺎﺕ ﺠﺭﻱ ﺍﻟﻤﺴﺢ ﺍﻟﻤﻴﺩﺍﻨﻲﺃﹸ
ﺍﻟﺸـﺭﻜﺔ ﺍﻟﺘﺠﺎﺭﻴـﺔ ﺍﻟﻭﺴـﻁﻰ ،ﺸﺭﻜﺔ ﺍﻟﺤﺎﺼﺩﺍﺕ ﺍﻟﺴﻭﺩﺍﻨﻴﺔ ،ﻗﺴﻡ ﺍﻟﻬﻨﺩﺴﺔ ﺍﻟﺯﺭﺍﻋﻴﺔ –ﻭﺍﻟﻐﺎﺒﺎﺕ 
ﻟﻴﺎﺕ ﺍﻟﺯﺭﺍﻋﻴـﺔ ﺍﻟﻤﺴـﺘﻌﻤﻠﺔ ٓﺴﻭﻕ ﺤﻠﺔ ﻜﻭﻜﻭ ﻟﻼ،ﺍﻟﺴﻭﺩﺍﻨﻲ ﺍﻟﺒﻨﻙ ﺍﻟﺯﺭﺍﻋﻲ،ﻴﻥ ﻟﻠﺘﺎﻤﻴﻥ ﺸﺭﻜﺔ ﺍﻟﻨﻴﻠ،
  . ﺍﻟﺨﺎﺹﻭ ﺍﻟﻌﺎﻡﺍﻟﺯﺭﺍﻋﻴﺔ ﻤﻥ ﺍﻟﻘﻁﺎﻋﻴﻥ  ﻟﻴﺎﺕٓﻭﻤﻘﺎﺒﻼﺕ ﻤﻊ ﻤﺴﺘﺨﺩﻤﻲ ﺍﻻ ﺒﻨﻙ ﺍﻟﺴﻭﺩﺍﻥ ﺍﻟﻤﺭﻜﺯﻱ،
ﺤﺭﺍﺜـﺔ ؛ ﻟﺜﻼﺙ ﻋﻤﻠﻴﺎﺕ ﺯﺭﺍﻋﻴـﺔ   ﻟﻴﺎﺕ ﺍﻟﺯﺭﺍﻋﻴﺔٓﺍﻟﺘﺸﻐﻴل ﻟﻼﺘﻨﺎﻭﻟﺕ ﻫﺫﻩ ﺍﻟﺩﺭﺍﺴﺔ ﺤﺴﺎﺏ ﺘﻜﻠﻔﺔ 
 ،57TTﻭﺍﺴﺘﺨﺩﻡ ﻓﻲ ﻫﺫﻩ ﺍﻟﻌﻤﻠﻴﺎﺕ ﻜل ﻤﻥ ﺠﺭﺍﺭ ﻨﻴـﻭ ﻫﻭﻻﻨـﺩ   .ﺤﺼﺎﺩ ،ﺜﺔ ﺜﺎﻨﻭﻴﺔﺤﺭﺍ،ﺍﻭﻟﻴﺔ 
 regiT porCﺤﺎﺼﺩﺓ  ﻭ   SWOR 4 AZAFﻁﺭﺍﺩ  ،  hguolP csiD mottoB-3ﻤﺤﺭﺍﺙ 
  . 82 FAT-leehW
ﻟﻌﻤﻠﻴﺔ  ﻥ ﺘﻜﻠﻔﺔ  ﺍﻟﺘﺸﻐﻴلﺃﻭﺠﺩ ﺍﻟﺠﻤﻌﻴﺔ ﺍﻻﻤﺭﻴﻜﻴﺔ ﻟﻠﻬﻨﺩﺴﺔ ﺍﻟﺯﺭﺍﻋﻴﺔ ﻭﺍﻟﺤﻴﻭﻴﺔ  ﻤﻌﺎﺩﻻﺕ  ﺒﺈﺴﺘﺨﺩﺍﻡ
ﺘﻜﻠﻔﺔ ﺍﻟﺘﺸﻐﻴل ﻟﻌﻤﻠﻴﺔ ﺍﻟﺤﺭﺍﺜـﺔ ، ﻓﺩﺍﻥ/ ﺠﻨﻴﻪ 06.64ﺍﻟﻤﺤﺭﺍﺙ ﺍﻟﻘﺭﺼﻲ ﻭﻟﻴﺔ ﺒﺎﺴﺘﺨﺩﺍﻡ ٓﺍﻟﺤﺭﺍﺜﺔ ﺍﻻ
 ﺒﺈﺴـﺘﺨﺩﺍﻡ  ﺤﺼـﺎﺩ ﺍﻟﻘﻤـﺢ ﻓﺩﺍﻥ ﻭﺘﻜﻠﻔﺔ ﺍﻟﺘﺸﻐﻴل ﻟﻌﻤﻠﻴﺔ /ﺠﻨﻴﻪ  38.43ﺍﻟﺜﺎﻨﻭﻴﺔ ﺒﺎﺴﺘﺨﺩﺍﻡ ﺍﻟﻁﺭﺍﺩ 
  .ﻓﺩﺍﻥ  /ﺠﻨﻴﻪ  37.661ﺍﻟﺤﺎﺼﺩﺓ 
ﺍﻟﺤﺭﺍﺜـﺔ  ﺴﻭﺩﺍﻨﻲ ﻟﻌﻤﻠﻴـﺔ ﺘﻜﺎﻟﻴﻑ ﺍﻟﺘﺸﻐﻴل ﻟﻠﻔﺩﺍﻥ ﺒﺎﻟﺠﻨﻴﻪ ﺍﻟﻤﺘﻭﺴﻁ ﺍﻟﻘﻴﻡ ﺍﻟﻔﻌﻠﻴﺔ ﻟ ﺃﻥﺒﻴﻨﻤﺎ ﻭﺠﺩﺕ 
ﻤﺘﻭﺴﻁ  ﺘﻜﺎﻟﻴﻑ ﺍﻟﺘﺸﻐﻴل ﻟﻠﻔـﺩﺍﻥ ﺒﺎﻟﺠﻨﻴـﻪ ، ﻓﺩﺍﻥ/ﺠﻨﻴﻪ  53ﺍﻟﻤﺤﺭﺍﺙ ﺍﻟﻘﺭﺼﻲ  ﻭﻟﻴﺔ ﺒﺎﺴﺘﺨﺩﺍﻡٓﺍﻻ
ﻭﻤﺘﻭﺴﻁ  ﺘﻜـﺎﻟﻴﻑ ﺍﻟﺘﺸـﻐﻴل  ﻓﺩﺍﻥ/ﺠﻨﻴﻪ  02ﺒﺎﺴﺘﺨﺩﺍﻡ ﺍﻟﻁﺭﺍﺩ  ﺍﻟﺴﻭﺩﺍﻨﻲ ﻟﻌﻤﻠﻴﺔ ﺍﻟﺤﺭﺍﺜﺔ ﺍﻟﺜﺎﻨﻭﻴﺔ
  .ﻓﺩﺍﻥ /ﻨﻴﻪ ﺠ04ﺍﻟﺤﺎﺼﺩﺓ  ﺒﺈﺴﺘﺨﺩﺍﻡ ﺤﺼﺎﺩ ﺍﻟﻘﻤﺢ ﻟﻠﻔﺩﺍﻥ ﺒﺎﻟﺠﻨﻴﻪ ﺍﻟﺴﻭﺩﺍﻨﻲ ﻟﻌﻤﻠﻴﺔ 
ﻓﻲ ﺤﺴﺎﺏ ﺘﻜﻠﻔﺔ ﺍﻟﻔﺩﺍﻥ ﺒﺎﻟﺠﻨﻴﺔ ﺍﻟﺴـﻭﺩﺍﻨﻲ ﻟﻠﻌﻤﻠﻴـﺎﺕ ﺍﻟﺯﺭﺍﻋﻴـﺔ  ﺍﹰﻜﺒﻴﺭ ﺎﹰﺍﻟﺩﺭﺍﺴﺔ ﺘﺒﺎﻴﻨ ﻭﻀﺤﺕﴽﹶ
ﻭﺍﻟﺘﻜﻠﻔﺔ ﺍﻟﻔﻌﻠﻴﺔ ﻟﻠﻔﺩﺍﻥ ﺒﺎﻟﺠﻨﻴـﻪ ﺍﻟﺠﻤﻌﻴﺔ ﺍﻻﻤﺭﻴﻜﻴﺔ ﻟﻠﻬﻨﺩﺴﺔ ﺍﻟﺯﺭﺍﻋﻴﺔ ﻭﺍﻟﺤﻴﻭﻴﺔ  ﻤﻌﺎﺩﻻﺕ  ﺒﺈﺴﺘﺨﺩﺍﻡ
ﺭﺍﺴﺎﺕ ﺍﻟﺤﻘﻠﻴـﺔ ﻟﺘﻌﺯﻴـﺯ ﺯﻴﺩ ﻤﻥ ﺍﻟﺩﻤﻤﺎ ﻴﺴﺘﺩﻋﻲ ﺍﻟﻤ، ﺍﻟﺴﻭﺩﺍﻨﻲ  ﻟﻠﻌﻤﻠﻴﺎﺕ ﺍﻟﺯﺭﺍﻋﻴﺔ ﻓﻲ ﺍﻟﺴﻭﺩﺍﻥ
ﻟﻴـﺎﺕ ﺍﻟﺯﺭﺍﻋﻴـﺔ ﹶﻭﻀﻊ ﺍﻟﻤﻌﺎﻴﻴﺭ ﻟﺤﺴﺎﺏ ﺘﻜﺎﻟﻴﻑ ﺘﺸـﻐﻴل ﺍﻻ  ﺒﻬﺩﻑﺍﻟﻨﺘﺎﺌﺞ ﺍﻟﻭﺍﺭﺩﺓ ﺒﻬﺫﻩ ﺍﻟﺩﺭﺍﺴﺔ 
   .ﺒﺎﻟﺴﻭﺩﺍﻥ 
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1 
CHAPTER ONE 
INTRODUCTION 
 
1.1. Agriculture in Sudan:   
Sudan is the largest country in Africa with an area of about 2.5 
million km² .It is bounded by the Red Sea on the east and on other sides by 
nine African countries. Its topography is generally a broad plain; .The 
climatic conditions vary between deserts in the north passing through 
savannah to wet equatorial forest in the south. Rainfall varies from none or 
rare in the hot arid north to more than 1500 mm in the wet tropics of mixed 
forest in the south, with plenty of sun shine. Sudan total population is about 
39 million with a growth rate of 2.9 % per year, 25 %of the population 
being urban. Agriculture, being the main sector in the Sudanese economy, 
provides food, raw material for local industries and job opportunitities. It 
contributes 51.1% of gross domestic product and 75% of labour force and 
22%of export exchange (Central Bank of Sudan 46th Annual Report2006). 
Its growth rate increased from7.2% in 2005 to 8.3% in 2006. The total 
arable land in Sudan amounts to 84 million hectares, out of which only 
about 32 million are now utilized for cultivation and range lands. There are 
great potentials for increasing production of crops and livestock. .The 
current water resources available in the country amount to about 30 billion 
cubic meters (bcm), these include rainfall, share from Nile agreement 
18.5(bcm), non –Nile streams, and ground water. 
1.2 Farming systems in Sudan: 
There are two agricultural main sectors in Sudan:  
A. Irrigated sector which is subdivided into modern and traditional 
irrigated farming systems. 
2 
B. Rain fed sector which is also subdivided into mechanized and 
traditional rain fed farming systems. The mechanized rain fed sector 
in the Sudan was established in the mid forties as one of the effort of 
the two world war two to secure food supplies within the country. 
1.2.1 Irrigated farming sector:  
In the modern irrigated system which covers about 1.9million 
hectares, farms are irrigated mainly from the Nile and its tributaries by 
gravity surface irrigation or by pumps. It is dominated by large irrigation 
schemes which include, Gezira, New Halfa, Rahad, Suki, White Nile and 
Blue Nile schemes beside sugar plantation schemes. In these schemes 
different kinds of tractors, agricultural implements, fertilizers and 
chemicals are used. The main crops grown are Cotton, Wheat, Sorghum, 
Groundnuts, Sugarcane and Sunflower. 
In traditional irrigated farming system small holding are irrigated 
from the Nile, Wadis (water ways) or ground water all over the Sudan. The 
total area cultivated in this sector is about 0.8 million hectares. Although 
the area is limited, the crops grown are of high value, such as vegetables 
and fruit trees. Animal drawn implements are used for land preparation and 
hand tools for planting, weeding and harvesting crops. (E.s.Mohmoud, 
1982). 
1.2.2 Rain fed sector:  
Mechanized rain fed farming is mainly practiced in the central heavy 
clay plain with rainfall between 400-800 mm per annum .The annual area 
covered is, on the average, about 8 million hectares. The main crops grown 
in this system are sorghum, sesame, millet, groundnut and sunflower .The 
main machinery used include tractors (70-80 hp) and the wide level disc 
harrow with seed box .Recently, some private companies have  introduced 
3 
large tractors (more than 150 hp)and some heavy implements ,such as 
heavy offset disc harrows and large seed drills. The average farm size 
varies between 200-and400hectares with larger areas allotted to private 
companies. 
The traditional rain fed farming is the largest agricultural sub sector 
in Sudan and most of rural people are producers in this system. This system 
is largely confined to 350-800mm rain fall region. Subsistence agriculture 
was practiced  in the past but now more cash crops are grown. The most 
important crops grown are cotton, millet, sorghum, sesame, groundnuts and 
gum Arabic. Most of the livestock in the country is herded in this system. 
Cropped area varies from 5to 8 million hectares annually rain fall being the 
governing factor. In this system hand tools and animals drawn implements 
are used for cultivation, harvesting and transportation. Since the average 
farm size is usually small (about 2 ha), the immediate introduction of 
powered large machinery will not be feasible. ( E.s.Mohmoud , 1982). 
1.3 Agricultural Mechanization  
Mechanization in its broad sense implies the use of mechanical 
contrivance which gives an advantage in the use of power for work; this 
can be human, animal or mechanical power (Shrivastava ,1998).Farm 
mechanization is important fundamental for agricultural development in 
many countries. The main objective of machinery is to reduce the 
difficulties of agricultural operation and to maximize production. 
Agricultural mechanization has been receiving considerable interest in 
recent time due to increasing food demand and equally increasing 
population. Agricultural tractors and equipment play an important role in 
increasing production through timeliness of agricultural operations and 
increased cropping intensity. In developing countries, the number of 
tractors and modern agricultural machinery are steadily increasing. There is 
4 
also a growing awareness among the developing nations of the role of 
agricultural mechanization in increasing agricultural productivity and 
improving rural life. However, the facilities for the education and training 
of personnel at all levels to cope with new technology in agriculture are 
lagging behind. Effective application of research and development in 
agricultural machinery can only be realized from the commercial 
production, i.e., there should be transition from technically viable 
innovations to commercially successful ventures.  
1.4 Mechanization Objectives:  
Kepner et al. (1978) reported that mechanization of agriculture has 
the following main objectives: 
1. To increase the productivity per agricultural worker. 
2. Saving of labor (due to shortage of labor in critical times) and 
making operation more precise. 
3.  Improve timeliness of field operation, each operation is sensitive 
to time and has to be started and completed within an optimum 
period of time. 
4. Reduction of production costs and increase economic returns to 
farmer. 
5. Improving the working and living conditions of the farmer by 
reducing drudgery and making farm work less arduous.  
1.5 Farm machinery management:  
Machinery management has increased in importance in today's 
farming operations because of its direct relation with success of combining 
land, labor and capital to return satisfactory profit (Hunt, 1995). 
Appropriate agricultural mechanization should be based on rational 
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acquisition, utilization and maintenance of machinery units and system to 
minimize operation costs and optimize performance in respective 
operations .The apparent low productivity of labor is major justification for 
appropriate mechanization application through human, animal and 
mechanical equipment in agriculture with regard to technical, 
socioeconomic and cultural constraints. 
As the size of farm continues to grow and machinery investment 
increase, efficient management of machines becomes more important to the 
success of an enterprise. Management includes determining the costs for 
performing particular operation, selecting the best size and type of 
equipment for each application ,matching machinery components in 
complete system, establishing an effective maintenance program 
,determining the optimum age for replacing particular machine and 
scheduling farm operations for the best use of machines  .Computer 
programs are becoming increasingly important in making certain types of 
machinery management decisions and are employed in some large farming 
enterprises (Kepner et al ,1978). 
Hunt (1995) stated that proper machinery management requires technical  
knowhow to: 
1. Keep records of field work done by various machines and the 
working days available for critical field operations. 
2.   Estimate costs of machines and total cost of an entire system. 
3.   Know how to improve equipment reliability and work always 
towards elimination of unnecessary down time. 
4. Improve field efficiencies with machines to cut costs and complete 
the work in the available time. 
Good management may be used to reduce agricultural production 
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and processing costs, which in turn may lead to lowering of commodity 
prices to allow fair competition between imports and locally produced 
commodities as secondary effects. 
1.6 Tractors and Agricultural Equipment in Sudan: 
Tractors built by manufacturers globally are about 66 brands. The known 
of them in Sudan include: Landini, Massey Ferguson, New Holland, Case, 
Fiat, Ford, John Deere, etc. To fill the gap and shortage of food stuff the 
need calls for adoption of agricultural expansion (horizontal and vertical) 
policies through optimum utilization of agricultural mechanization. The 
need for GIAD products is imperative. Tractors and agricultural 
equipments are important in the agricultural operations, therefore the need 
for them is imperative to achieve operations effectively and efficiently 
carried out, which contributes to the productivity and, hence, the revenues. 
(Dr. Mohamed, A.I 2008). 
Mechanizations play major role in agriculture expansion, 
productivity and returns, therefore the adoption of mechanized operations 
is soaring, since the costs of production became producer to carry. 
Producers, investors and farmers realized the positive impacts of 
mechanized agriculture. They started to respond to introduction of 
equipment, therefore, the demand for them increased. 
Tractors and agricultural equipment in Sudan are most used in 
mechanized rainfed sector. Each farm is ranging between 1000 and 1500 
feddans which could not be cultivated without tractors and their 
accessories. A considerable quantity of agricultural machinery is also used 
in larger irrigated schemes like Gezira and Rahad. The sugar sector is not 
an exception as it uses agricultural machinery intensively. However, in 
Sudan numerous subsistence-type farming units prevail in irrigated and 
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traditional rainfed sector whose limited income prevents purchase of even 
lower-end mechanized products. But there is a growing corporate farming 
sector, and domestic machinery manufacturing is making inroads. 
Economies of scale and scope dictate land consolidation and the use of 
machinery over vast acreages, though some small farms still survive.  
1.7 Research Objectives: 
The main objectives of this research are: 
1. To conduct field survey and collect data about the parameters and 
factors that contribute in estimating the cost of operating different 
agricultural machines and power units in different regions of Sudan. 
2. Based on American Society of Agricultural and Biological 
Engineers (ASABE) standards no D497, to use the above data 
aiming at developing values for cost parameters suitable for Sudan 
conditions, and hence begin to put lime stones for Sudan standards in 
power and machinery management. 
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CHAPTER TWO 
LITERATURE REVIEW 
 
2.1 Estimating Farm Machinery Costs: 
         William Edwards and George Ayres (2002) studied and estimated the 
farm machinery costs. Farm machinery costs can be divided into two 
categories: annual ownership costs, which occur regardless of machine use, 
and operating costs, which vary directly with the amount of machine use. 
The true value of some of these costs is not known until the machine is sold 
or worn out. But the costs can be estimated by making few assumptions 
about machine life, annual use, and fuel and labor prices. This study 
contains a worksheet (Appendix no -1) that can be used to calculate costs 
for a particular machine or operation as follows: 
2.1.1Ownership costs (fixed costs): 
         Include depreciation, interest (profitability rate), taxes, insurance, and 
housing facilities. 
2.1.1.1Depreciation: 
Depreciation is a cost resulting from wear, obsolescence, and age of a 
machine. The degree of mechanical wear may cause the value of a 
particular machine to be somewhat above or below the average value for 
similar machines when it is traded or sold. The introduction of new 
technology or a major design change may make an older machine suddenly 
obsolete, causing a sharp decline in its remaining value. But age and 
accumulated hours of use usually are the most important factors in 
determining the remaining value of a machine. 
  Before an estimate of annual depreciation can be calculated, an economic 
life for the machine and a salvage life for the machine and a salvage value 
at the end of the economic life must be specified. The economic life of a 
machine is the number of years for which costs are to be estimated. It often 
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is less than the machine’s service life because most farmers trade a 
machine for a different one before it is completely worn out. A good rule of 
thumb is to use an economic life of 10 to 12 years for 15-year life for 
tractors, unless it is known that the machine will be traded sooner. Salvage 
value is an estimate of the sale value of the machine at the end the farmer 
can expect to receive as a trade-in allowance, an estimate of the used 
market value if he or she expects to sell the machine outright, or zero if the 
farmer plans to keep the machine until it is worn out. 
Estimates of the remaining value of tractors and other classes of farm 
machines as a percentage of new list prices are listed in Tables (1) and (2). 
note that for tractors, combines, and forage harvesters the number of hours 
of annual use also is considered when estimating the remaining value. The 
factors were developed from published reports of used equipment auction 
values, and are estimates of the average “as-is” value of a class of machines 
in average mechanical condition at the farm. Actual market value will vary 
from these values depending on the condition of the machine, the current 
market for used machinery, and local preferences or dislikes for certain 
models. 
Table (1) Remaining salvage value as percent of new list price. 
 
Source: American Society of Agricultural Engineers, 1997. 
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Table (2) Remaining salvage value as percent of new list price. 
 
Source: American Society of Agricultural Engineers, 1997. 
The appropriate values in Tables (1) and (2) should be multiplied by the 
current list price of a replacement machine of equivalent size and type, 
even if the actual machine was or will be purchased for less than list price. 
For the 180-hp tractor in the example shown in the worksheet (Appendix 
no 2), the salvage value after 15 years with 400 hours of annual use is 
estimated as 23 percent of the new list price:  
Salvage value = current list price * remaining value factor (Table 1) 
= $110,000 * 23% = $25,300 
Total depreciation =( Purchase price – salvage value) 
= $93,500 – $25,300 = $68,200 
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2.1.1.2 Profitability rate (Interest rate): 
If the operator borrows money to buy a machine, the lender will determine 
the interest rate to charge. But if the farmer uses his or her own capital, the 
rate will depend on the opportunity cost for that capital. If only part of the 
money is borrowed, an average of the two rates should be used. For 
example, we will assume an average interest rate of 8 percent inflation 
reduces the real cost of investing capital in farm machinery, however, 
because loans can be repaid with cheaper dollars. The interest rate can be 
adjusted by subtracting the expected rate of inflation. For our example we 
will assume a 3 percent inflation rate, so the adjusted or “real” interest rate 
is 5 percent. The joint costs of depreciation and interest can be calculated 
by using a capital recovery factor( Capital recovery factor is the number of 
dollars that would have to be set aside each year just to repay the value lost 
due to depreciation and pay interest costs). Table (3) shows capital 
recovery factors for various combinations of real interest rates and 
economic lives. For the example, the capital recovery factor for 15 years 
and 5 percent is .096. The annual capital recovery cost is found by first 
multiplying the appropriate capital recovery factor by the total 
depreciation, then adding the product of the interest rate and the salvage 
value to it. For the example values given above: 
 Capital recovery = (total depreciation * capital recovery factor) + (salvage 
Value *interest rate) 
= ($68,200 * .096) + ($25,300 * .05) 
= $6,547 + $1,265 = $7,812/year. 
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Table (3) Capital Recovery Factors. 
 
Source: William Edwards and George Ayres study (2002). 
 
2.1.1.3Taxes, Insurance, and Housing (TIH):  
      These three costs usually are much smaller than depreciation and 
interest, but they need to be considered. There is a tremendous variation in 
housing for farm machinery. Providing shelter, tools, and maintenance 
equipment for machinery will result in fewer repairs in the field and less 
deterioration of mechanical parts and appearance from weathering. That 
should produce greater reliability in the field and a higher trade-in value. 
An estimated charge of 0.5 percent of the purchase price is suggested for 
housing costs. To simplify calculating TIH costs, they can be lumped 
together as 1 percent of the purchase price where property taxes are not 
significant. TIH = 0.01 * purchase price for tractor example (Appendix no 
2), these costs would be: TIH= 0.01*$93,500 =$935/year 
Total Ownership Cost: 
The estimated costs of depreciation, interest, taxes, insurance, and housing 
are added together to find the total ownership cost. For our example tractor 
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(Appendix no 2) this adds up to $8,747 per year. This is almost 10 percent 
of the original cost of the tractor. Total ownership cost = $7,812 + $935= 
$8,747/year, If the tractor is used 400 hours per year, the total ownership 
cost per hour is:  
Ownership cost/hour = $8,747 / 400 hours = $21.87/hour. 
2.1.2 Operating costs (variable costs): 
     Include repairs and maintenance, fuel, lubrication and operator 
labor. 
2.1.2.1 Repairs and Maintenance: 
        Repair costs occur because of routine maintenance, wear and tear, and 
accidents. Repair costs for a particular type of machine vary widely from 
one geographic region to another because of soil type, rocks, terrain, 
climate, and other conditions. Within a local area, repair costs vary from 
farm to farm because of different management policies and operator skill. 
The best data for estimating repair costs are the operator’s own records of 
past repair expenses. Good records indicate whether a machine has had 
above or below average repair costs and when major overhauls may be 
needed. They also will provide information about the operator’s 
maintenance program and mechanical ability. Without such data, repair 
costs must be estimated from average experience. The values in Table (4) 
show the relationship between the sum of all repair costs for a machine and 
the total hours of use during its lifetime, based on historical repair data. The 
total accumulated repair costs are then calculated as a percentage of the 
current list price of the machine, because repair and maintenance costs 
usually change at about the same rate as new list prices. Figure (1) shows 
how repair costs accumulate for two-wheel drive tractors. 
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Figure (1) Accumulated repair costs for two –wheel drive tractor  
 
Source: William Edwards and George Ayres study (2002). 
 Notice the shape of the graph. The slope of the curve increases as the 
number of hours of use increases. This indicates that repair costs are low 
early in the life of a machine, but increase rapidly as the machine 
accumulates more hours of operation. Because the tractor in the example 
will be used about 400 hours per year, it will have accumulated about 6,000 
hours of operation by the end of its 15-year economic life (400 hours *15 
years = 6,000 hours). According to Table (4), after 6,000 hours of use, total 
accumulated repair costs for a two wheel drive tractor will be equal to 
about 25 percent of its new list price. Therefore, total accumulated repairs 
can be estimated to be: 
 Accumulated repairs = 0.25 * $110,000 = $27,500  
 The average repair cost per hour can be calculated by dividing the total 
Accumulated repair cost by the total accumulated hours:  
Repair cost/hour = $27,500 / 6,000 hours= $4.58/hour
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Table (4) Accumulated Repair Costs as a Percentage of New List Price. 
 
Source American Society of Agricultural Engineers, 1996 
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2.1.2.2 Fuel: 
      Fuel costs can be estimated in two ways. Fuel Required for Field 
Operations, lists average fuel use in gallons per acre for many field 
operations. Those figures can be multiplied by the fuel cost per gallon to 
calculate the average fuel cost per acre. For example, if the average amount 
of diesel fuel required to harvest an acre of corn silage is 3.25 gallons, at a 
cost of $1 per gallon, then the average fuel cost per acre is $3.25. Average 
fuel consumption (in gallons per hour) for farm tractors on a year round 
basis without reference to any specific implement also can be estimated 
with these equations: 
Average gasoline fuel consumption= 0.060 * maximum PTO horsepower 
for gasoline engines. 
Average diesel fuel consumption=0.044 * maximum PTO horsepower for 
diesel engine. 
 For our 180-horsepower diesel tractor example (Appendix no 2): 
Average diesel fuel consumption = 0.044 * 180horsepower = 7.92 
gallons/hour 
Average fuel cost/hour = 7.92 gallons/hour * $1.00/gallon = $7.92/hour 
2.1.2.3 Lubrication: 
Surveys indicate that total lubrication costs on most farms average 
about 15 percent of fuel costs. Therefore, once the fuel cost per hour has 
been estimated, it can be multiplied by 0.15 to estimate total lubrication 
costs. For our tractor example, average fuel cost was $7.92 per hour, so 
average lubrication cost would be: 
 Lubrication = 0.15 * $7.92 = $1.19/hour. 
3.1.2.4 Labor: 
      Because different size machines require different quantities of labor 
to accomplish such tasks as planting or harvesting, it is important to 
consider labor costs in machinery analysis. Labor cost also is an 
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important consideration in comparing ownership to custom hiring. 
Actual hours of labor usually exceed field machine time by 10 to 20 
percent, because of travel time and the time required lubricating and 
servicing machines. Consequently, labor costs can be estimated by 
multiplying the labor wage rate times 1.1 or 1.2. Using a labor value of 
$10 per hour. 
For tractor example (appendix no-2)  
 Labor cost/hour = $10.00 *1.1 = $11.00 or $12 
Different wage rates can be used for operations requiring different levels 
of operator skill. 
Total Operating Cost: 
       Repair, fuel, lubrication, and labor costs are added to calculate total 
operating cost. For the tractor Example (Appendix no-2).  
Total operating cost = $4.58 + $7.92 + $1.19 + $11.00 = $24.69/hour 
 2.1.3 Total Cost: 
        After all costs have been estimated, the total ownership cost per hour 
can be added to the operating cost per hour to calculate total cost per hour 
to own and operate the machine. Total cost per hour for tractor (Appendix 
no-2) was: 
Total cost = $21.87 + $24.69 = $46.56/hour 
2.1.4 Implement Costs: 
      Costs for implements or attachments that depend on tractor power are 
estimated in the same way as for the example tractor, except that there is no 
fuel, lubrication, or labor costs involved. An example follows. 
2.1.5 Used Machinery: 
Costs for used machinery can be estimated by using the same procedure 
shown for new machinery. However, the fixed costs usually will be lower 
because the original cost of the machine will be lower. Repair costs usually 
will be higher because of the greater hours of accumulated use. Therefore, 
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the secret to successful used machinery economics is to balance higher 
hourly repair costs against lower hourly fixed costs. If the machine’s 
condition is misjudged and the repair costs are higher than anticipated, or if 
too high a price is paid for the machine so that fixed costs are not as low as 
anticipated, the total hourly costs of a used machine may be as high as or 
higher than those of a new machine. As an example of estimating costs for 
a used machine, assume a farmer just bought a 6-year-old 28-foot tandem 
disk for $11,000. It appeared to be clean and in good mechanical condition. 
If the farmer does not know for sure how many hours of accumulated use 
the disk has, it can be  estimated by multiplying its age (6 years) by the 
farmer’s own expected annual use (100 hours per year), or 600 hours. What 
is the estimated total cost of the disk over the next 8 years? From Table (2), 
the expected salvage value at the end of 13 years is 24 percent of the 
current list price of an equivalent machine (estimated to be $30,000), or 
$7,200. The capital recovery factor for 8 years and a 5 percent real interest 
rate is 0.155 (Table 3).  
Capital recovery Costs are: Capital recovery = .155 * ($11,000 – $7,200) + 
($7,200 * .05) = $589 + $360= $949/year 
William Edwards and George Ayres (2002) made a worksheet for 
estimating farm machinery costs; they refereed to American Society of 
Agricultural and Biological Engineers (ASABE) standards and they 
calculated the cost as follows: 
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Worksheet for Estimating farm machinery costs  
Information Tractor or 
Power Unit 
Implement 
or 
Attachment 
Machine    
a. Current list price of a comparable replacement 
machine 
$.       $.       
b. Purchase price or current used value of the 
machine 
hr. hr. 
c. Accumulated hours to date (zero for a new 
machine) 
Yr. Yr. 
d. Economic life, years of ownership remaining % % 
e. Interest rate, % (cost of capital minus inflation)  Acre 
f. Annual use, acres  Acre /hr 
g. Field capacity, acres/hr. or tons/hr.* hr  hr 
h. Annual use, hours (f / g )for implement) hp  
i. Engine or PTO horsepower $       /gal  
j. Fuel price $       /hr  
k. Machinery labor rate   
Estimating Ownership Costs   
1. Remaining value (% from Table 1) x list price a %$ $ 
2. Total depreciation = (b - 1) $ $ 
3. Capital recovery factor (from Table 2)   
4. Capital recovery = (2 * 3) + (e *1) $ $ 
5. Taxes, insurance, and housing =( 0.01 * b) $ $ 
6. Total ownership cost per year = 4 + 5 $ $ 
Estimating Operating Costs   
7. Accumulated hours to date (c) and repair % 
from Table 4 
hr.      % hr.           % 
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8. Total accumulated hours at end of life =(d * h) + 
c, and % from Table (4) 
hr.      % 
 
 
hr.          % 
 
 
9. Total accumulated repairs = (% from 8 - % from 
7) x a 
$ $ 
10. Average repair cost/hour = 
9 / (hours from 8 - hours from 7) 
$ $ 
11. Fuel cost/hour = 0.044 (diesel) or 0.06 
(gasoline) x if x j 
$ $ 
12. Lubrication cost/hour = 0.15 *11 $ $ 
13. Labor cost/hour = k x 1.1 $ $ 
14. Total operating cost/hour = 10 + 11 + 12 + 13 $ $ 
15. Ownership cost/hour = 6 / h $ $ 
16. Total cost/hour = 14 + 15 $ $ 
17. Total cost per hour for tractor and implement 
combined 
$ $ 
18. Total cost/acre or ton = 17 / g $ $ 
 
2.2 The operation costs in Sudan: 
The operation cost in Sudan varies from location to location depending on 
factors such as type of soils, type of irrigation, labor costs, and fuel costs 
….etc. 
2.2.1 Wheat costs production:  
The total production costs for Wheat in Gezira, New Halfa schemes and 
Northern state season 2006-2007 (Appendix no 3 and 4) were: 
 
 
 
21 
 
Table (5) Total production Costs SD/Fed (Wheat 2006-2007) 
 Location  Cost  SD/fed  Cost  SDG/fed  
Gezira SD 3140. 5 /Fed  SDG 314.05 /Fed  
Northern state  SD 6278.4  /Fed  SDG 627.84  /Fed  
New Halfa SD 4454.0 /Fed  SDG 445.40 /Fed  
Source Ministry of Agriculture and Forests- General Administration of 
Planning & Agric .Economics 
2.2.2Ground nut costs production:  
The total production costs for Groundnut in Gezira and New Halfa schemes 
season 2005-2006 (Appendix no- 4) were: 
Table (6) Total Operating Costs SD/Fed (Groundnut 2005-2006) 
Location Cost SD /fed Cost SDG /fed 
Algazira SD 6,332 /Fed  SD 633.2 /Fed  
New Halfa SD 1,062.2 /Fed SD 106.22 /Fed 
Source Ministry of Agriculture and Forests -General Administration 
of Planning & Agric. Economics 
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CHAPTER THREE  
Materials & Methods 
3.1Selected machines and their technical specifications:  
Commonly agricultural machines selected with their specification are 
Tractor New Holland TT75, Disc Plough, Bar Ridger and Combine 
Harvester. 
3.1.1 Tractor New Holland TT75: 
• Engine: IVECO-New Holland. 
• Model: 8000 series. 
• Power @ rated speed kW @ rev/min:  74.9 hp @ 2500. 
• Max torque (gross) N-m @ rev/min:  242.3 @ 1500. 
• No. of cylinders/ displacement, cc:  4/3908. 
• Bore × Stroke:  104×115 mm. 
• Fuel system & air cleaner:  direct injection,         
• Tank capacity: 62liter. 
• Cooling system:  Water cooled & pressurized. 
• Clutch & power take off:  Double clutch with hand operated 
independent PTO lever. 
• Clutch disc: Cerametallic with torsional   dampers, 280diameter. 
•  Front axle & steering:  
• Front axle type: Inverted U type axle - adjustable. 
• Turn angle – degrees: Outside 40/ inside 52. 
• Range (mm):  Minimum 1910. 
• Steering type:  Power. 
• Gear box:  8F+2R constant mesh, side shift levers with safety start 
provision. 
• Road speeds, km/hr forward:  9,4.5,6.6,8.5,10.7,16.1,23.6,30.6 
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• On standard tires  Reverse: 4.3, 15.4. 
• Rear axle & brake:   Double reduction with outboard spur gears, 
mechanical foot operated   differential lock; oil immersed disc 
brakes, ratchet type parking brake. 
• Hydraulic lift & linkage:    Engine driven gear pump with top   
link sensing, draft, position and mix control, response & 
sensitivity adjustment, ((Lift-O -Matic)) external  services valve 
tap off. 
• System pressure, bar: 190 – 195. 
• Pump flow @ rated speed, lit/min: 34. 
• Max lift capacity, kg; 2155 (throughout full range), 2620 (on 
lower link ends).   
• Linkage: Category 1/11, external check, RH leveling box. 
• Electrical system: 12 Volt with road lighting, direction indictors, 
stop lights, working lamp. 
• Battery rating, Ampere-hour: 100. 
• Alternator output, Amperes:  23. 
• Instrumentation: RPM cum hour meter, gauges for water 
temperature, engine oil pressure, engine oil pressure, fuel level & 
battery charge indicator. 
• Dimensions: (on standard tyres). 
• Rear track, range mm: minimum 1520. Minimum 2033. 
• Wheelbase, mm: 2200. 
• Ground clearance, mm: 500. 
• Turning radius, mm: 3285 (with brake  ) 3643 (without brake). 
• Overall height, mm:  2375. 
• Kerb weight (w/o operator), kg:  2450. 
• Tyres: 
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     Front: 7.50 – 16, 8PR. 
     Rear: 16.9 – 30, 10PR. 
3.1.2 DISC PLOUGH: 
• Type: 3-Bottom disc plough. 
• Model: ADP/71.  
• Name: FAZA. 
• Country of origin: ITALY. 
• No. of bodies 3. 
• Disc diameter: 710 mm. 
• Weight: 392 kg 
3.1.3 BAR RIDGER:  
• Type: Ridger  
• Name:  FAZA 
• Country of origin: ITALY 
• No. of bodies :4 
• Tool bar length: 400 mm. 
• Adjust ridger bodies’ width: 300 – 600 mm.  
• Weight: 360 kg 
3.1.4 COMBINE HARVESTER: 
• Model:  Crop Tiger Wheel-TAF 28 
• Harvesting principle:  Tangential axial flow with RASP bar                                  
threshing cylinder and adjustable concave. 
• Engine: Simpson S433, 4 strokes, 4 cylinders, water cooled, direct 
injection in-line, diesel engine with dry type cleaner, Rate @ 60hp 
at 2300 RPM. 
• Engine displacement: 3300 cc 
• Cutter bar width: 2.7 (9 Feet) 
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• Threshing system: threshing and separating rotor, 450 mm. in 
diameter, threshing width 575 mm., Separating width 1255 mm. 5 
speeds. 1282/1013/803/620/500 RPM. Spiked tooth threshing kit 
and RASP bar type threshing kit are standard. 
• Cleaning system: Forced air cleaning fan, 2 fan speeds, 1200 
RPM and 1500 RPM, controlled by fan shutter, adjustable 
upper and lower sieves, total sieve area 1.44 sq.m. 
• Fuel tank: 140 Liters 
• Electrical system: 12 Volts battery starting, complete lighting 
equipment, front and rare lights, indicators and rear reflectors 
• Transmission: 3 forward, 1 reverse mechanical sliding type 
• Travel speed: 1.3 – 5 km/hr. (on field) Up to 17.6 km/hr (on 
road) Ground speed in any travel gear hydraulically adjusted. 
• Steering: Hydrostatic 
• Grain tank capacity: 1500 Lit, top filling system  
• Harvesting capacity*: 0.75 – 1 hectare/hr for Whea0.5 – 0.75 
hectare/hr for rice 
• Unloading system: Universal joint type  
• Brakes: Hydraulic 
• Tyre size: Front 13.6 – 28Rear 6.00 – 16 
• Wheel track:  Front 2195 mm .Rear 1395 mm. 
• Dimensions: Wheel base: 3170 mm, ground clearance: 345 mm, 
Height: 3500 mm, length (with crop divider, including cutter bar): 
67 mm, overall width: 3000 mm  
• Weight: With grain tank empty: 4440 kg. With grain tank full: 
5710 kg. 
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3.2 Research Methodology 
3.2.1 Data Sources:  
The primary data for this study was collected through direct survey, 
while the secondary data was collected from institutional reports. The 
main survey was conducted in Dec 2009 for the collection of quantitative 
data using a direct interview from (Ministry of agriculture, Sudanese 
agricultural bank, Helat Koko market, from bank of Sudan and other 
companies). 
3.2.2Data Collection: 
Table (7) collected data 
 Source  Unite  Type of Data   
Central Trading Company SDG 57,000  Purchase price of New Holland Tractor TT75 
Sudanese Harvester 
Company 
320,000 SDG  Purchase Price of Crop Tiger Wheel-TAF 28 Combine 
Harvester (pu). 
Elneelin Company 12,000     SDG  Purchase price of BAR RIDGER Four Rows (pu). 
Elneelin Company 5,000 SDG  Purchase price of Disc Plow (pu). 
Helat Koko Market10 year Economic live of machine, years
Helat Koko Market  10%.Pu  Salvage value of machine (pu).   
Central Bank Of Sudan   7.5%/Year  Average of inflation(from table -2)  
Central bank of Sudan 10%/Year  prevailing annual interest rate  
Elnileen for insurance 1.5%/Year The Insurance 
Police Traffic0.5%/Year The  Registration
Sudanese Agriculture Bank0. 8%/Year The Shelter for the machine 
Central Trading Company2.5%.   The Taxes(Developed Taxes +Profit Taxes To Importer)
Bee petrol StationSDG1.0 /L The price of fuel
Ministry of Agriculture 22%from fuel price The price of Oil 
Ministry of Agriculture400 hr The  average annual working hour for tractors  
Ministry of Agriculture2.85 lit/hr Fuel consumption for combine harvester 
Ministry of Agriculture1.2264 ha/h Actual field capacity Ca for combine harvester 
Ministry of Agriculture(1674kg/hr). The average crop yield for Wheat 
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Ministry of Agriculture3.1 lit /h Fuel consumption for Tractor in ridging operation  
Ministry of Agriculture0.63ha/hr Actual field capacity in ridging operation  
Ministry of Agriculture0.462ha/h Actual field capacity for plowing operation
Ministry of Agriculture7.4 lit/hr Fuel consumption for plowing operation 
Ministry of Agriculture200.hr The average annual working hour for Disc plow 
Ministry of Agriculture300. hr The average annual working hour for ridger 
Ministry of Agriculture200. hr The average annual working hour for combine harvester 
Ministry of AgricultureSDG 1.0  The wheat price of kg 
Assumed0.9 probability of a good working day
Ministry of AgricultureSDG 10/hr  Cost of labor /hr
Ministry of AgricultureSDG 40 /Fed  The average actual cost of harvesting in Sudan (Wheat)
Ministry of AgricultureSDG20 /Fed The actual cost of  ridging operation 
Ministry of AgricultureSDG35 /Fed The actual cost of  Plowing  operation
Source:  From different sources as shown in the last Column.  
 
Table (8) The Inflation rate  
 
 
 
 
 
 
  Source: (Central Bank of Sudan) 
3.2.3The equations used: 
 
The collected data in table (7) will be used in the following (ASABE) 
equations: 
3.2.3.1 The total annual Ownership costs equation s: 
 =   = (1- )  +          ………….  (3-1)       
Inflation rate % year 
8 2000 
4.9 2001 
8.5 2002 
7.4 2003 
8.7 2004 
8.3 2005 
7.3 2006 
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Where  
= Specific annual ownership costs, 1/yr.  
Total annual ownership costs, SDG/yr. =  
= purchase price of machine, SDG.  
= salvage value as fraction of purchase price. 
 =real annual interest rate, decimal. 
 =economic life of machine, years. 
= annual cost of taxes, insurance and shelter as percent of purchase 
price.  
                     ….. (3-2)                     ...........    =  
Where 
 = prevailing annual interest rate, decimal 
 = general inflation rate, decimal 
3.2.3.2The Operating costs equations:  
A. Fuel and oil costs equation:  
    (3-3)  .....................             =   
Where 
= per –hectare fuel (oil) costs, SDG/ha  
= price of fuel (oil) SDG/L  
 = fuel (oil) consumed by engine, L/h  
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 = effective field capacity during the operation, ha/h 
B. Costs of repairs and maintenance:   
   3-4)(...……….      = RF1    
Where  
=: accumulated repair and maintenance costs SDG   
t =accumulated use,   
RF1, RF2 =repair factors from table (10) 
  
C. Timeliness costs equation: 
3-5)(...……….       =  
 
 = timeliness cost SDG/ha. 
 = timeliness coefficient, fraction of annual crop value lost per day.  
A = Crop area (ha/year). 
Y = Crop yield, Mg/ha.  
V = Crop value SDG/Mg.  
  = 2 if operation commences or ends at the optimum time. 
      = 4 if operation can be balanced evenly about the optimum time.  
T = expected time available for field work, h/day.  
 = effective filed capacity of machine, ha/h. 
 = probability of a good working day.  
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CHAPTER FOUR  
CALCULATIONS AND RESULTS  
 4.1Calculation: 
4.1.1 Primary tillage (plowing operation): 
The total costs of plowing operation =Tractor cost +plow cost  
4.1.1.1 Tractor Costs in plowing operation: 
The total cost of tractor in plowing operation = Ownership costs + Operating costs 
A. Ownership costs for tractor: 
The total annual Ownership costs can be calculated using the following equation: 
C୭ୱ = 
େ౥౗
୔౫
  = (1- S୚) ൤
      ୍౨  ሺଵା୍౨ሻ
ಜై    
ሺଵା୍౨ሻ
ಜైିଵ
൨ + ୏౪౅౏
ଵ଴଴
         ………Equation no (3-1) (chapter 3) 
S୚ൌ 10%, table ሺ7ሻ 
Equation no (3-2) (chapter 3)                     ...........୍౦ି ୍ౝ  
ଵା୍ౝ
   I୰ ൌ 
I୮ൌ Prevailing annual interest rate ൌ 10% from table ሺ7ሻ  
I୥ൌAverage of inflationൌ 
଼ାସ.ଽା଼.ହା଻.ସା଼.଻ା଼.ଷା଻.ଷ
଻
  ൌ 7.5%, Table ሺ8ሻ  
Then: 
I୰ =
 ଴.ଵି଴.଴଻ହ
ଵା଴.଴଻ହ
כ 100 = 2.3%      
τ୐= 10 years, table (7) 
K୲୍ୗ= (Insurance & Registration) +Taxes +Shelters  
Taxes& Registration=2%, Taxes = 2.5% and Shelters=0. 8% (table (7)) 
K୲୍ୗ =2%+2.5%+0. 8% = 5.3% 
Then:  
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ܥ௢௦ = (1- 0.1) ቂ
      ଴.଴ଶଷ  ሺଵା଴.଴ଶଷሻభబ    
ሺଵା଴.଴ଶଷሻభబିଵ
ቃ + ହ.ଷ
ଵ଴଴
  = 0.102+0.053= 0.155/Year 
 
ܥ௢௦ = 0.155 
• The specific ownership cost is fixed for all machines = 0.155/Year 
ܥ௢௔= ܥ௢௦* ௨ܲ 
௨ܲ=SDG 57,000, tractor new Holland TT75 table (7) 
ܥ௢௔= 0.155 *57,000 = SDG 8,835/year 
ܥ௢௔ ሺ
ௌ஽ீ
௛௔
ሻ = 
஼೚ೌ ሺ
ೄವಸ
ೊ೐ೌೝሻ 
ௐ௢௥௞௜௡௚ ௛௢௨௥௦ ௣௘௥ ௬௘௔௥ ௙௢௥ ௧௥௔௖௧௢௥ כ௔௖௧௨௔௟ ௙௜௘௟ௗ ௖௔௣௔௖௜௧௬ ௙௢௥ ௣௟௢௪௜௡௚ ௢௣௘௥௔௧௜௢௡ 
 
Approximate working hours per year for tractor = 400 hr. (table 7) 
Actual field capacity for plowing operation = 0.462ha/hr 
ܥ௢௔ ሺ
ௌ஽ீ
௛௔
ሻ =  
଼,଼ଷହቀ ೄವಸ೤೐ೌೝቁ
ସ଴଴ ቀ ೓ೝ೤೐ೌೝቁ  כ  ଴.ସ଺ଶ ቀ
೓ೌ
೓ೝቁ
  =SDG 47.8/ ha 
The ownership costs of tractor per ha ( ௌ஽ீ
௛௔
) = SDG 47.8/ ha 
B. Operating costs for tractor: 
The operating costs include the costs of labor, fuel and oil, and repair and 
maintenance. But at this stage we consider only the repair and maintenance cost for 
the tractor while other operating cost parameters will be considered for each 
operation separately later on . 
The repair and maintenance cost of tractor for (100working hours) = ଴.଼ଷ
ଵ଴଴
* ௨ܲ 
(Table 4-1) 
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Table (9) R&M cost (%) from purchase price.  
 
 
Machine 
Life machine  
Hours 
Repair and 
maintenance Long 
life of the machine 
 
Repair and 
maintenance/100  
hours 
Tractors    
2WD 12000 100 0,83 
4WD 16000 80 0,50 
Plowing    
Moldboard plow 2000 100 5,00 
A heavy-duty disc  2000 60 3,00 
Disk harrow double 2000 60 3,00 
Chisel plow 2000 75 3,75 
Cultivator  3000 70 3,50 
Disk harrow 2000 70 3,50 
Rotary hoe 2000 40 2,00 
Disk plow 2000 60 3,00 
Row crop cultivator  2000 80 4,00 
Pie plow 1500 80 5,33 
Seeding Implements     
Grain drill 1500 75 5,00 
Middle breaker 1500 75 5,00 
Harvesters    
Combine  2000 60 3,00 
Combine(self –propelled) 3000 40 1,33 
Forage harvester  2500 65 26,0 
Forage harvester(self –propelled) 4000 40 1,25 
Sugar beet harvester  1500 70 6,67 
Potato harvester  2500 70 3,80 
Cotton picker (self-propelled) 3000 80 2,67 
Source: American Society of Agricultural Engineers, 1997. 
The repair and maintenance cost for tractor working 400hr/ year 
=  ସ଴଴௛௥/௬௘௔௥כ଴.଴଴଼ଷכହ଻,଴଴଴ௌ஽ீ  
ଵ଴଴௛௥
  = SDG18 92.4/year 
The repair and maintenance(R&M) cost for tractor per year = SDG1892.4/year 
The R&M cost of tractor per ha ቀ ௌ஽ீ
௒௘௔௥
ቁ ൌ 
ோ&ெ ሺ ೄವಸೊ೐ೌೝሻ 
ௐ௢௥௞௜௡௚ ௛௢௨௥௦ ௣௘௥ ௬௘௔௥ ௙௢௥ ௧௥௔௖௧௢௥ כ௔௖௧௨௔௟ ௙௜௘௟ௗ ௖௔௣௔௖௜௧௬ ௙௢௥ ௣௟௢௪௜௡௚ ௢௣௘௥௔௧௜௢௡  
 
Approximate working hours per year for tractor = 400 hr. (table 7) 
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Actual field capacity for plowing operation = 0.462ha/hr 
ܴ&ܯ ሺௌ஽ீ
௛௔
ሻ =  
ଵ଼ଽଶ.ସ ቀ ೄವಸ೤೐ೌೝቁ
ସ଴଴ ቀ ೓ೝ೤೐ೌೝቁ  כ  ଴.ସ଺ଶ ቀ
೓ೌ
೓ೝቁ
  =  ܵܦܩ 10.2402 /݄ܽ 
• Then the total R&M costs for tractor = ܵܦܩ 10.24 /݄ܽ 
*The total cost of tractor in plowing operation = Ownership costs + Operating 
costs 
= ܵܦܩ 47.80 /݄ܽ + ܵܦܩ 10.24 /݄ܽ =SDG58.04/ha 
4.1.1.2 Plow Costs in plowing operation: 
The total cost of plow = Ownership costs + Operating costs 
A. Ownership costs for plow: 
ܥ௢௔= ܥ௢௦* ௨ܲ 
௨ܲ=SDG 5,000, Faza 3-Bottom Disc Plough table (7) 
ܥ௢௦=0.155 from calculation above  
ܥ௢௔= 0.155 *5,000 =SDG 775 /Year 
ܥ௢௔ ሺ
ௌ஽ீ
௛௔
ሻ = 
஼೚ೌ ሺ
ೄವಸ
ೊ೐ೌೝሻ 
ௐ௢௥௞௜௡௚ ௛௢௨௥௦ ௣௘௥ ௬௘௔௥ ௙௢௥ ௉௟௢௪ כ௔௖௧௨௔௟ ௙௜௘௟ௗ ௖௔௣௔௖௜௧௬ ௙௢௥ ௣௟௢௪ 
 
Approximate working hours per year for plow = 200 hr. (table 7) 
Actual field capacity for plowing operation = 0.462ha/hr 
ܥ௢௔ ሺ
ௌ஽ீ
௛௔
ሻ =  
଻଻ହ ቀ ೄವಸ೤೐ೌೝቁ
ଶ଴଴ ቀ ೓ೝ೤೐ೌೝቁ  כ  ଴.ସ଺ଶ ቀ
೓ೌ
೓ೝቁ
  =  ܵܦܩ 8.38 /݄ܽ= 
• The total ownership costs for plow ( ௌ஽ீ
௛௔
) =SDG 8.38/ha 
B. Operating costs for plow : 
The operating costs include the costs of labor, fuel and oil, and repair and 
maintenance. 
1. Fuel and oil costs equation : (chapter 3) 
             Equation no (3-3) ..........       ܥୱ  =  
௉ಽ  ொ಺
஼ೌ
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௅ܲ= 1.0 SDG/L,  ܳூ= 7.4 L/h,  ܥ௔=0.462ha/h   table (7) 
ܥୱ  =  
  ଵ.଴  ೄವಸಽ     כ ଻.ସ   
ಽ
೓ೝ         
଴.ସ଺೓ೌ೓ೝ
   = SDG 16 /ha 
The Total cost of all lubricants is approximately equal to 20% to 24 %from table 
(7)   
Then the total cost of oil = 16*0.22= SDG 3.52 /ha 
The total cost of fuel and oil = SDG 16 /ha + SDG 3.52 /ha =SDG19.52/ha 
2. repairs and maintenance cost : 
஼ೝ೘
௉ೠ
  ൌ  RF1 ቂ ௧
ଵ଴଴଴
ቃ
ோிଶ
       ………… Equation no (3-4)           
 RF1=0.18,  ܴܨ2= 1.7   (repair factors from table (10)) 
n=1(from table (7)), ݐ ൌ 2000 ݄ݎ 
஼ೝ೘
௉ೠ
  ൌ  0.18 ቂଶ଴଴଴
ଵ଴଴଴
ቃ
ଵ.଻
  = 0.584 
To correct for inflation, the purchase price is multiplied by *ሺ1 ൅ Igሻ୬ 
ݐ݄݁ ݆ܽ݀ݑݏݐ݁݀ ݌ݎ݅ܿ݁=5,000* ሺ1 ൅ 0.075ሻଵ = SDG 5,375        
n=1 (from table (7)) 
ܣܿܿݑ݈݉ܽܽݐ݁݀ ܴ&ܯ ܿ݋ݏݐ = 0.584 * SDG 5,375 =SDG3, 139   
The plowing area during the economic life=200 ௛௥
௬௘௔௥
כ 10 ݕ݁ܽݎ כ 0.46  ௛௔
௛௥
  =    920ha          
ܥ௥௠  (SDG/ha  =)
ଷ,ଵଷଽ
ଽଶ଴
 = SDG3.411/݄ܽ 
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Table (10) Field efficiency, field speed, and repair and maintenance cost 
parameters (adopted from ASAE D497).   
 
Source: American Society of Agricultural Engineers, 1997. 
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3. Labor cost  : 
 The labor cost/hr = SDG 10/hr from table (7) 
The labor cost/ha= ௌ஽ீଵ଴/ ௛௥
0.462ha/hr
=SDG21.64/ha 
• The  total Operating costs for plow ( ࡿࡰࡳ
ࢎࢇ
) = SDG19.52/ha + SDG3.411/݄ܽ + 
SDG21.64= SDG44.551/ha 
*the total costs for plow = total ownership costs for plow+ total operating costs for 
plow= SDG 8.38/ha+ SDG44.551/ha = SDG52.931/ha 
*The total costs of plowing operation ( ࡿࡰࡳ
ࢎࢇ
) = Tractor cost +plow cost 
= SDG58.04/ha + SDG52.931/ha =SDG110.97/ha 
? *The total costs of plowing operation ሺ ܁۲۵
۴܍܌
ሻ ൌSDG46.60/Fed 
4.1.2 Secondary tillage (ridging operation): 
The total costs of ridging operation =Tractor cost +ridger cost  
4.1.2.1 Tractor Costs in ridging operation: 
The total cost of tractor in ridging operation = Ownership costs + Operating costs 
A. Ownership costs for tractor: 
The total annual Ownership costs can be calculated in the following equation: 
C୭ୱ = 
େ౥౗
୔౫
  = (1- S୚) ൤
      ୍౨  ሺଵା୍౨ሻ
ಜై    
ሺଵା୍౨ሻ
ಜైିଵ
൨ + ୏౪౅౏
ଵ଴଴
         ………….  Equation no (7) 
S୚ൌ 10%, table ሺ7ሻ 
….. Equation no ሺ8ሻ                     ...........୍౦ି ୍ౝ  
ଵା୍ౝ
   I୰ ൌ 
I୮ൌ Prevailing annual interest rate ൌ 10% from table ሺ3 ‐1ሻ  
I୥ൌAverage of inflationൌ 
଼ାସ.ଽା଼.ହା଻.ସା଼.଻ା଼.ଷା଻.ଷ
଻
  ൌ 7.5%, Table ሺ8ሻ  
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Then: 
I୰ =
 ଴.ଵି଴.଴଻ହ
ଵା଴.଴଻ହ
 x100 = 2.3%      
τ୐= 10 years, table (7) 
K୲୍ୗ= (Insurance & Registration) +Taxes +Shelters  
Taxes& Registration=2%, Taxes = 2.5% and Shelters=0. 8% (table (7)) 
K୲୍ୗ =2%+2.5%+0. 8% = 5.3% 
Then:  
ܥ௢௦ = (1- 0.1) ቂ
      ଴.଴ଶଷ  ሺଵା଴.଴ଶଷሻభబ    
ሺଵା଴.଴ଶଷሻభబିଵ
ቃ + ହ.ଷ
ଵ଴଴
  = 0.102+0.053= 0.155/Year 
ܥ௢௦ = 0.155 
• The specific ownership cost are fixed  for all machine = 0.155/Year 
ܥ௢௔= ܥ௢௦* ௨ܲ 
௨ܲ=SDG 57,000, tractor New Holland TT75 table (7) 
ܥ௢௔= 0.155 *57,000 = SDG8, 835/Year 
ܥ௢௔ ሺ
ௌ஽ீ
௛௔
ሻ = 
஼೚ೌ ሺ
ೄವಸ
ೊ೐ೌೝሻ 
ௐ௢௥௞௜௡௚ ௛௢௨௥௦ ௣௘௥ ௬௘௔௥ ௙௢௥ ௧௥௔௖௧௢௥ כ௔௖௧௨௔௟ ௙௜௘௟ௗ ௖௔௣௔௖௜௧௬ ௙௢௥ ௥௜ௗ௚௜௡௚ ௢௣௘௥௔௧௜௢௡ 
 
Approximately working hours per year for tractor = 400 hr. (table 7) 
Actual field capacity for ridging operation = 0.63ha/hr 
ܥ௢௔ ሺ
ௌ஽ீ
௛௔
ሻ =  
଼,଼ଷହ ቀ ೄವಸ೤೐ೌೝቁ
ସ଴଴ ቀ ೓ೝ೤೐ೌೝቁ  כ  ଴.଺ଷ ቀ
೓ೌ
೓ೝቁ
  =SDG35.05/ha 
• The ownership costs of  tractor per ha ( ௌ஽ீ
௛௔
) = SDG35.05/ha 
B. Operating costs for tractor: 
The operating costs include the costs of labor, fuel and oil, and repair and 
maintenance. But at this stage we consider only the repair and maintenance 
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cost for the tractor while other operating cost parameters will be considered for 
each operation separately later on. 
The repair and maintenance cost of tractor for (100working hours) = ଴.଼ଷ
ଵ଴଴
* ௨ܲ 
From table (4-1) 
The repair and maintenance cost for tractor working 400hr 
=  ସ଴଴௛௥/௬௘௔௥כ଴.଴଴଼ଷכହ଻,଴଴଴ௌ஽ீ  
ଵ଴଴௛௥
  = SDG1892.4/year 
The repair and maintenance(R&M) cost for tractor per year = SDG1892.4/year 
The total R&M cost of tractor per haቀௌ஽ீ
௛௔
ቁ ൌ 
=
ோ&ெ ሺ ೄವಸೊ೐ೌೝሻ 
ௐ௢௥௞௜௡௚ ௛௢௨௥௦ ௣௘௥ ௬௘௔௥ ௙௢௥ ௧௥௔௖௧௢௥ כ௔௖௧௨௔௟ ௙௜௘௟ௗ ௖௔௣௔௖௜௧௬ ௙௢௥ ௥௜ௗ௚௜௡௚ ௢௣௘௥௔௧௜௢௡ 
 
Approximate working hours per year for tractor = 400 hr.  (Table 7) 
Actual field capacity for ridging operation = 0.63ha/hr (table 7) 
ܴ&ܯ ሺௌ஽ீ
௛௔
ሻ =  
ଵ଼ଽଶ.ସ ቀ ೄವಸ೤೐ೌೝቁ
ସ଴଴ ቀ ೓ೝ೤೐ೌೝቁ  כ  ଴.଺ଷ ቀ
೓ೌ
೓ೝቁ
  =  ܵܦܩ 7.509 /݄ܽ 
• Then the total operation cost for tractor =  ܵܦܩ 7.509 /݄ܽ 
*The total cost of tractor in ridging operation = Ownership costs + Operating 
costs 
= ܵܦܩ 35.05  /݄ܽ + ܵܦܩ 7.509 /݄ܽ =SDG 42.55 /ha 
4.1.2.2 Ridger Costs in ridging operation: 
The total cost of plow = Ownership costs + Operating costs 
A. Ownership costs for ridger: 
ܥ௢௔= ܥ௢௦* ௨ܲ 
௨ܲ=SDG 12,000, BAR RIDGER Four Rows table (7) 
ܥ௢௦=0.155 from calculation above  
ܥ௢௔= 0.155 *12,000. = SDG 1860/year 
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ܥ௢௔ ሺ
ௌ஽ீ
௛௔
ሻ = 
஼೚ೌ ሺ
ೄವಸ
ೊ೐ೌೝሻ 
ௐ௢௥௞௜௡௚ ௛௢௨௥௦ ௣௘௥ ௬௘௔௥ ௙௢௥ ௥௜ௗ௚௘௥ כ௔௖௧௨௔௟ ௙௜௘௟ௗ ௖௔௣௔௖௜௧௬ ௙௢௥ ௥௜ௗ௚௜௡௚ ௢௣௘௥௔௧௜௢௡  
 
Approximate working hours per year for ridger = 300 hr. (table 7) 
Actual field capacity for ridger (ridging operation) = 0.63ha/hr 
ܥ௢௔ ሺ
ௌ஽ீ
௛௔
ሻ =  
ଵ଼଺଴ ቀ ೄವಸ೤೐ೌೝቁ
ଷ଴଴ ቀ ೓ೝ೤೐ೌೝቁ  כ  ଴.଺ଷ ቀ
೓ೌ
೓ೝቁ
  =  ܵܦܩ 9.84/ha 
The total ownership costs for ridger ( ௌ஽ீ
௛௔
) = ܵܦܩ 9.84/ha 
B. Operating costs for ridger  : 
The operating costs include the costs of labor, fuel and oil, and repair and 
maintenance. 
1. Fuel and oil costs equation:  
Equation no (3-3)   .............          ܥୱ  =  
௉ಽ  ொ಺
஼ೌ
 
௅ܲ= 1.0 SDG/L,  ܳூ= 3.1 L/h,  ܥ௔=2.18ha/h   table (7) 
ܥୱ  =  
  ଵ.଴  ೄವಸಽ     כ ଷ.ଵ
ಽ
೓ೝ         
ଶ.ଵ଼೓ೌ೓ೝ
   = SDG 1.42 /ha 
The Total cost of all lubricants is approximate equal to 20%t0 24 %   from table (7)   
Then the total cost of oil = 1.42*0.22= SDG 0.312 /ha 
The total cost of fuel and oil = SDG 1.42 /ha + SDG 0.312 /ha =SDG1.732/ha 
2. repairs and maintenance cost : 
஼ೝ೘
௉ೠ
  ൌ  RF1 ቂ ௧
ଵ଴଴଴
ቃ
ோிଶ
       ………….. Equation no (3-4)           
 RF1=0.17,  ܴܨ2= 2.2   (repair factors from table (10)), ݐ = 3000hr- n=1(from table 
(7)) 
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஼ೝ೘
௉ೠ
  ൌ  0.17 ቂଷ଴଴଴
ଵ଴଴଴
ቃ
ଶ.ଶ
  =1.9   
To correct for inflation, the purchase price is multiplied by *ሺ1 ൅ Igሻ୬ 
The adjusted price =12,000* ሺ1 ൅ 0.075ሻଵ = SDG 12,900      
    ܥ௥௠ = 1.9 * SDG 12,900 =SDG24, 510   
The ridger area during the economic live= 300 ௛௥
௬௘௔௥
 כ 10 ݕ݁ܽݎ כ 0.63  ௛௔
௛௥
  =    1,890ha   
    ܥ௥௠  (SDG/ha  =)
ଶସହଵ଴   
 ଵ଼ଽ଴
 = SDG 12.96/ha 
3. Labor cost  : 
 The labor cost/hr = SDG 10/hr from table (7) 
The labor cost/ha = 
ௌ஽ீଵ଴/௛௥
଴.଺ଷ୦ୟ/୦୰
=SDG15.87/ha 
The total Operating costs for ridger ( ࡿࡰࡳ
ࢎࢇ
) = SDG1.732/ha + SDG12.96/݄ܽ 
+ SDG 15.87/ha = SDG30.562/ha 
*the total costs for ridger = total ownership costs for ridger + total Operating costs 
for ridger= SDG9.84  /ha+ SDG30.56/ha = SDG40.40/ha 
*The total costs of ridging operation ( ࡿࡰࡳ
ࢎࢇ
) = Tractor cost +ridger cost 
ൌ         SDG42.55/ha ൅ SDG 40.40/ha ൌSDG82.95/ha 
? *The total costs of ridgering operation ሺ ୗୈୋ
୊ୣୢ
ሻ ൌSDG34.83/Fed 
4.1.3 Combine harvester (harvesting operation): 
The total costs of combine harvester =total ownership costs+ operating costs 
+timeliness costs 
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A. Ownership costs for harvester: 
The total annual Ownership costs can be calculated by the following equation: 
C୭ୱ = 
େ౥౗
୔౫
  = (1- S୚) ൤
      ୍౨  ሺଵା୍౨ሻ
ಜై    
ሺଵା୍౨ሻ
ಜైିଵ
൨ + ୏౪౅౏
ଵ଴଴
         ………… Equation no (7) 
S୚ൌ 10%, table ሺ7ሻ 
…. Equation no ሺ8ሻ                     ...........୍౦ି ୍ౝ  
ଵା୍ౝ
   I୰ ൌ 
I୮ൌ Prevailing annual interest rate ൌ 10% from table ሺ7ሻ  
I୥ൌAverage of inflationൌ 
଼ାସ.ଽା଼.ହା଻.ସା଼.଻ା଼.ଷା଻.ଷ
଻
  ൌ 7.5%, Table ሺ8ሻ  
Then: 
I୰ =
 ଴.ଵି଴.଴଻ହ
ଵା଴.଴଻ହ
  x100 = 2.3%      
τ୐= 10 years, table (7) 
K୲୍ୗ= (Insurance & Registration) +Taxes +Shelters  
Taxes& Registration=2%, Taxes = 2.5% and Shelters=0. 8% (table (7)) 
K୲୍ୗ =2%+2.5%+0. 8% = 5.3% 
Then:  
ܥ௢௦ = (1- 0.1) ቂ
      ଴.଴ଶଷ  ሺଵା଴.଴ଶଷሻభబ    
ሺଵା଴.଴ଶଷሻభబିଵ
ቃ + ହ.ଷ
ଵ଴଴
  = 0.102+0.053= 0.155/Year 
ܥ௢௦ = 0.155 
• The specific ownership cost are fix for all machine = 0.155/Year 
ܥ௢௔= ܥ௢௦* ௨ܲ 
௨ܲ=SDG 320,000 table (7) 
ܥ௢௔= 0.155 *320,000 = SDG 49,600/year 
ܥ௢௔ ሺ
ௌ஽ீ
௛௔
ሻ = 
஼೚ೌ ሺ
ೄವಸ
ೊ೐ೌೝሻ 
ௐ௢௥௞௜௡௚ ௛௢௨௥௦ ௣௘௥ ௬௘௔௥ ௙௢௥ ௛௔௥௩௘௦௧௘௥ כ௔௖௧௨௔௟ ௙௜௘௟ௗ ௖௔௣௔௖௜௧௬ ௙௢௥ ௛௔௥௩௘௦௧௘௥ 
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Approximately working hours per year for harvester = 200 hr. (table 7) 
Actual field capacity for harvester (harvesting operation) = 1.22ha/hr 
ܥ௢௔ ሺ
ௌ஽ீ
௛௔
ሻ =  
ସଽ,଺଴଴ ቀ ೄವಸ೤೐ೌೝቁ
ଶ଴଴ ቀ ೓ೝ೤೐ೌೝቁ  כ  ଵ.ଶଶ ቀ
೓ೌ
೓ೝቁ
  =SDG203.27/ha 
The ownership costs for harvester ( ࡿࡰࡳ
ࢎࢇ
) =  SDG203.27/ha 
B. Operating costs for harvester : 
The operating costs include the costs of labor, fuel and oil, and repair and 
maintenance. 
1. Fuel and oil costs equation:  
    (3-3) Equation no …………     ܥୱ  =  
௉ಽ  ொ಺
஼ೌ
             
௅ܲ= 1.0 SDG/L,  ܳூ= 2.8 L/h,  ܥ௔=1.2264ha/h   table (7) 
ܥୱ  =  
  ଵ.଴  ೄವಸಽ     כ ଶ.଼   
ಽ
೓ೝ         
ଵ.ଶଶ଺ସ೓ೌ೓ೝ
   = SDG 2.283 /ha 
The Total cost of all lubricants is approximately equal to 20%t0 24 % of fuel cost 
from table (7)   
Then the total cost of oil = 2.283*0.22= SDG 0.502 /ha 
The total cost of fuel and oil = SDG2.283 /ha + SDG0.502 /ha =SDG2.78/ha 
2. repairs and maintenance cost : 
஼ೝ೘
௉ೠ
  ൌ  RF1 ቂ ௧
ଵ଴଴଴
ቃ
ோிଶ
       ……… Equation no (3-4)           
 RF1=0.14,  ܴܨ2= 2.1   (repair factors from table (10)) 
n=1(from table (7)) 
43 
 
஼ೝ೘
௉ೠ
  ൌ  0.14 ቂଶ଴଴଴
ଵ଴଴଴
ቃ
ଶ.ଵ
  =   0.60 
To correct for inϐlation, the purchase price is multiplied by ሺ1 ൅ Igሻ୬ 
௨ܲ=320,000* ሺ1 ൅ 0.075ሻଵ = SDG 344,000        
n=1 (from table (7)) 
    ܥ௥௠ = 0.60 * SDG 344,000 =SDG206, 400 
The harvester area during the economic live= 200 ௛௥
௬௘௔௥
 כ 10 ݕ݁ܽݎ כ 1.2264  ௛௔
௛௥
  =    
2,452.8ha       
    ܥ௥௠  (SDG/ha  =)
ଶ଴଺,ସ଴଴
ଶ,ସହଶ
=ܵܦܩ84.16/݄ܽ 
3. Labor cost  : 
The labor cost/hr = SDG 10/hr from table (7) 
The labor cost/ha = ୗୈୋ ଵ଴/୦୰
ଵ.ଶଶ଺ସ ୦ୟ/୦
=SDG8.1/ha 
The total Operating costs for harvester ( ࡿࡰࡳ
ࢎࢇ
) = SDG2.78/ha + SDG84.16/݄ܽ 
+ SDG 8.1/ha= SDG95.09/ha 
Timeliness costs for harvester: 
3-5)(...……….      ܥ௧ = 
  ௄ഓ ஺ ௒ ௏      
஛బ ்  ஼ೌ  ௉ೢ೏ 
 
  ܭఛ= 0.005(from table 4-3) 
A = Crop area, ha/yr = Ca * annual working hour  
  = (1.2264 ݄ܽ/݄)*200h/yr=254.26ha/yr 
The average crop yield =600 kg /fed =1,371kg/ha 
Y = Crop yield, kg/ha= 1.371Mg /ha  
The price of 1 Kg wheat =1.0SDG  
V = Crop value SDG1/kg=SDG1000 /Mg 
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Table (11) Timeliness coefficients (ASAE Standard D497).   
Operation ۹ૌ. ૚/܌܉ܡ 
Tillage (depends on whether planting is delayed by prior tillage ) 0.000-0.010 
Seeding   
Corn (Indlana,olnols,Eastern Nebraska, Eastern Kansas  
Available moisture in root zone at planting ,cm 
  
 
10 
20 
30 
 
April  May June  
   
0.010 0.000 0.002 
0.006 0.000 0.003 
0.003 0.001 0.007 
 Wheat ,Utah 0.008 
North Dakota 0.007 
Soy beans, Wisconsin May &June 0.005 
Missouri ,olinois,June  0.006 
Double crop after wheat ,Illinois  0.010 
Cotton Lubbock ,Taxes   
April 0.004 
May 0.020 
Mississippi ,April &May 0.007 
Barley, Utah 0.008 
North Dakota  0.007 
Oats, Illinois and Michigan 0.010 
Wisconsin after May 6 0.012 
Alabama, Fall 0.000 
Utah 0.008 
Rape, Manitoba 0.003 
Rice, California ,May  0.010
Row cultivation , Illinois, soybeans 0.011 
Rotary hoeing ,lowa, soybeans 0.023 
Harvest   
Haymaking ,Michigan, June 0.018 
Shelled corn,lowa 0.003 
Ear corn, Illinois, after Oct.26 0.007 
Soy beans , Illinois (depends on variety) 0.006-0.010 
Wheat ,Ohio 0.005 
Cotton ,Alabama 0.002 
Rice, California 0.009 
Sugar cane ,Queensland ,Australia  
Pre-optimum 0.002 
Post-optimum 0.003 
Source: American Society of Agricultural Engineers, 1997. 
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 λ଴  = 2 if operation commences or ends at the optimum time  
      = 4 if operation can be balanced evenly about the optimum time   
T = expected time available for field work, h/day=8h/day  
ܥ௔ = effective filed capacity of machine, ha/h =1.2264ha/h 
௪ܲௗ = probability of a good working day = 0.9 from table (4-3) 
 ܥ௧ୀ
 ଴.଴଴ହ כ ଶହସ.ଶ଺ሺ  ೓ೌ೤ೝሻ כ ଵ.ଷ଻ଵሺ
ಾ೒
೓ೌ ሻכଵ,ଵ଴଴ሺ
ೄವಸ
ಾ೒  ሻ   
ଶ  כ  ଼ሺ ௛ሻכ  ଵ.ଶଶ଺ସ  ೓ೌ೓   כ    ଴.ଽ 
 
       =98.63ௌ஽ீ
௛௔
 
ܥ௧ୀ98.63
ܵܦܩ
݄ܽ
 
The total cost of harvesting operation ( ௌ஽ீ
௛௔
ሻ= SDG 203.27 /ha + SDG95.09/ha 
+SDG98.63/ha= SDG396.99/ha 
? The total cost of harvesting operation (ௌ஽ீ
௙௘ௗ
ሻ = SDG166.73/fed 
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 4.2 Results: 
The results collected from different sources as shown in table (7) are as follows: 
1. The average  total costs of plowing operation = SDG 35/Fed 
2. The  average  total costs of ridging operation = SDG 20 /Fed 
3. The average  total costs of harvesting operation = SDG 40 /Fed 
The calculated results Using ASABE standard no D497are as follows: 
1. The average  total costs of plowing operation = SDG 46.60/Fed 
2. The  average  total costs of ridging operation = SDG 34.83/Fed 
3. The average  total costs of harvesting operation = SDG166.73/fed 
From the above results there is a variation between the costs collected from the 
field and those calculated Using ASABE standard no D497. 
The chart below has shown the variation between the costs collected from the field 
and those calculated using ASABE standard no D497. 
Figure 4.2.1: the variation between the costs collected from the field and those calculated Using ASABE standard no D497 
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CHAPTER FIVE   
DISCUSSION  
 
The results collected from different sources as shown in table (3-1) are as 
follows: 
1. The average  total cost of plowing operation = SDG 35/Fed 
2. The  average  total cost of ridging operation = SDG 20/Fed 
3. The average  total cost of harvesting operation = SDG 40 /Fed 
The calculated results Using ASABE standard no D497are as follows: 
1. The total cost of plowing operation = SDG46.60/Fed 
2. The total cost of ridging operation = SDG 34.83/Fed 
3. The total cost of harvesting operation = SDG166.73/fed. 
From the above results there is a variation between the costs collected 
from the field and those calculated Using ASABE standard no D497. 
  
5.1 plowing operation: 
• The results collected(the average total cost ) from different sources 
as shown  in table (3-1) for plowing operation is = SDG 35/Fed 
• The calculated results (the total costs) Using ASABE standard no 
D497 for plowing operation is = SDG 46.60/Fed. 
• From the above results there is a variation between the costs 
collected from the field and those calculated Using ASABE 
standard no D497. 
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• These variations can be attributed to the following factors: 
1. The financial policies differ in Sudan from those applied in 
USA as regard to taxes, insurance, housing and interest rate. 
2. The cost of fuel and labor varies very much from one locality to 
another in Sudan.  
3. The repair and maintenance parameters (RF1, RF2) are affected 
by field efficiency and field speed, these parameters depend on 
type of soil and there are differences between the type of soil in 
Sudan and type of soil in USA. We need to elaborate and carry 
out more studies in repair and maintenance parameters till we 
reach a point where we could have our own Sudanese 
parameters. 
5.2 Ridging operation: 
• The results collected(the average total cost ) from different sources 
as show in table (3-1) for ridging operation  is = SDG 20 /Fed 
• The calculated results (the total costs) Using ASABE standard no 
D497 for ridging operation is = SDG 34.83/Fed  
• From the above results there is a variation between the costs 
collected from the field and those calculated Using ASABE 
standard no D497. 
• These variations can be attributed to the following factors: 
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1. The financial policies differ in Sudan from those applied in 
USA as regard to taxes, insurance, housing and interest rate. 
2. The cost of fuel and labor varies very much from one locality to 
another in Sudan.  
3. The repair and maintenance parameters (RF1, RF2) are affected 
by field efficiency and field speed, these parameters depend on 
type of soil and there are differences between the type of soil in 
Sudan and type of soil in USA thus we need to extend our 
studies in repair and maintenance parameters to cover more 
wording conditions till we reach a point where we could have 
our own Sudanese parameters. 
5.3 Harvesting operation: 
• The results collected(the average total cost) from different sources as 
show in table (3-1) for harvesting  operation is  = SDG 40 /Fed 
• The calculated results (the total cost) Using ASABE standard no 
D497 for harvesting operation is  = SDG166.73/fed 
• From the above results there is a big variation between the costs 
collected from the field and those calculated Using ASABE 
standard no D497. 
• These variations can be attributed to the following factors: 
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1. The financial policies differ in Sudan as compared to applied 
in USA as regard to taxes, insurance, housing and interest 
rate. 
2. The purchase prices for many agricultural machines are very 
high in Sudan. 
3. The costs of fuel and labor vary very much from one locality 
to another in Sudan.  
4. The repair and maintenance parameters (RF1, RF2) are affected 
by filed efficiency and field speed, these parameters depend on 
type of soil, which differ in USA, where originally developed 
from our field conditions in  Sudan .  
5. The cost of spare parts is very high in Sudan because of high 
customs rate. 
6.  More Studies are needed to end up with Sudanese agricultural 
machines management standards. 
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CHAPTER SIX 
CONCLUSIONS AND RECOMMENDATIONS 
 
6.1 Conclusions: 
The results collected from different sources as shown in table (3-1) are as 
follows: 
1. The average  total costs of plowing operation = SDG 35/Fed 
2. The  average  total costs of ridging operation = SDG 20/Fed 
3. The average  total costs of harvesting operation = SDG 40 /Fed 
The calculated results Using ASABE standard no D497are as follows: 
1. The average  total costs of plowing operation = SDG 46.60/Fed 
2. The  average  total costs of ridging operation = SDG 34.83/Fed 
3. The average  total costs of harvesting operation = SDG166.73/fed 
From the above results there is a variation between the costs collected 
from the field and those calculated Using ASABE standard no D497. 
6.2 Recommendations: 
To reduce the cost of operation for agricultural machines in Sudan the fol-
lowing recommendations are put below: 
1. A national program of technical training at different levels 
and fields of agricultural machinery for different stakeholder 
including operators and farmers is to be put in action. 
2.  Regarding availability of spare parts, certain national rules 
and regulations imposed on machinery dealers should be en-
forced to enhance the availability of spare parts and therefore 
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render them available in the local market, to cover local spare 
parts purchases and adequate local funds have to be allocated 
to secure continuity of work. 
3. Clear government policies regarding future   crop produc-
tion levels and hence, demand for agricultural equipments 
must be budgeted and planned ahead. Public policy towards 
agriculture, in particular government support for the purchase 
of equipments must be emphasized. 
4. More research is needed to determine the factor ܭ௧ for dif-
ferent crops in different regions of the Sudan. 
5. A strategy basically aimed at reducing the machinery re-
placement cycle must immediately be implemented which in-
clude: 
a. Operator training. 
b. Spare parts availability  
c. Production/importation of the right fuel and lubricant grades; 
d. A subsidized exchange rate for agricultural machinery imports 
irrespective of whether imported  by government bodies or pri-
vate dealers; 
e. To ban parallel trade and completely assign it to manufactur-
ers  and local dealers channels ; 
f. To encourage local manufacturing of simple implements and 
tools to ease the pressure on foreign resources. 
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Appendix (1) 
 
Worksheet for estimating farm machinery costs. 
 
 
 
 
 
Sources: Edwards, W. (2002) Machinery Management. 
 
 
 
Appendix (2) 
 
Example Worksheet for estimating farm machinery costs . 
 
 
 
 
Sources: Edwards, W. (2002) Machinery Management. 
 
 
 
 
 
Appendix (3) 
Costs of wheat production in Gezira (SDG/Feddan)  
2001/2000 2002/2001 2003/2002 2004/20032005/2004 Item 
          A - preparations 
25002300 304025002500Tillage 
300400 450300300Survey 
575621 000Lift Channels 
400440 440515550Open Channels 
37753761 393033153350Inter preparations
          
B - Agricultural 
Operations
500600 600700700Agriculture
      200250catching
12501350 115011501250Irrigation
525300 468.5350400Spreading
    300500700Mowing
22752250 2518.529003300
Total agricultural 
operations
          C - harvesting
30003240 322527502800Breaking Channels
24002600 100011501150Harvest
54005840 422539003950Inter-harvest operations 
          D - input output 
69367066 735081009428Fertilization 
62006289 670065007500Seeds 
9102110.4 2678.415401647Rangers 
12001210.8 125012901285Insecticide 
1524616676.2 17978.41743019860Total input 
          E / other expenses 
21002226 230019001900Water charges 
15001500 170017002260Management fees 
      163163Transportation 
300324 1488100100Other 
39004050 548838634423Among other expenses 
3059632577.2 34139.93140834883Total Cost 
Source: Ministry of Agriculture and Forests, General Administration of Planning & 
Agric Economics, 2009. 
? SDG(now)=100SDG(old) 
 
Appendix (4) 
Costs of wheat production in New Halfa (SD/Feddan)  
2001/2000 2002/2001 2003/2002 2004/2003 2005/20042006/20052007/2006 
Item 
2835.02935.05135.0 5530.03980.03730.08060.0 
Preparation 
phase 
              
Farming 
operations 
        420.0480.0700.0 
channels 
              
Agriculture 
1200.01500.01500.0 1500.0600.0600.01200.0 
Weeding 
        900.0900.01400.0 
Irrigation 
1200.01500.01500.0 1500.01920.01980.03300.0 
Among the 
agricultural 
operations 
              
Harvest operations 
        2000.02900.0  
Harvest 
1950.01950.01950.0 2350.0    2880.0 
Automated 
processes 
              
Manual processes 
1950.01950.01950.0 2350.02000.02900.02880.0 
Inter harvest 
              
Production inputs 
12384.012615.011615.0 10540.015140.016960.020320.0 
Seeds and fertilizer 
1050.01050.02100.0 1792.01750.01500.03000.0 
pillows 
13434.013665.013715.0 12332.016890.018460.023320.0 
Other 
production 
inputs 
              
Other expense 
4000.04000.04000.0 4000.04000.04100.04400.0 
Charges for water 
and land 
        1218.0    
Pesticide spraying 
1050.01050.02050.0 2050.01400.01200.02000.0 
Relay 
            4000.0 
Zakat, duties and 
taxes 
        3975.02640.0300.0 
Other 
5050.05050.06050.0 6050.010593.07940.010700.0 
Among other 
expense 
24469.025100.028350.0 27762.035383.035010.048260.0 
The total cost 
Source: Ministry of agriculture and forestry, General Administration of Planning & 
Agric Economics, 2009. 
? SDG(now)=100SDG(old) 
 
Appendix (5) 
Costs of Ground nut production in Gezira   (SD/Feddan). 
2001/2000 2002/2001 2003/2002 2004/20032005/2004 2006/2005
Item 
A. preparations 
1250 1500 1650 1750 1715 1573 Tillage 
500 525 0 0 0 205 
Lifting channels 
450 450 460 515 550 485 
Open channels 
Clean channels 
550 625 675 370 
Survey 
2200 2475 2110 2265 2265 2263 Wholesale 
B- agricultural operations 
1050 1050 1050 850 1150 1030 
Agriculture 
200 250 250 140 
Reseeding  
3175 3600 3750 3950 5250 3945 
Mowing 
1050 1200 1000 1125 1710 1217 
Irrigation 
5275 5850 6000 6175 8360 6332 
Other agricultural 
operations 
C -harvest operations 
2500 2500 2318 2600 2350 2453.6 
Gouging out there 
4500 4100 3454 4400 5124 4315.6 
Pressed and packing 
2250 2100 2250 1320 
Foundling remaining 
beans 
7000 6600 8022 9100 9724 8089.2 Inter harvests 
D. production inputs 
1625 1350 1450 2750 1750 1785 
Seeds 
3600 4100 2000 2200 4080 3196 
Accessories 
5225 5450 3450 4950 5830 4981 
Other production 
inputs 
E/others 
1574 1574 1574 1574 1574 1574 
Water fees 
1350 1350 1350 1350 1350 1350 
Management fees 
0 8374 0 0 0 1674.8 
Transportation 
2924.0 11298.0 2924.0 2924.0 2924.0 4598.8 
Among other 
expense 
22624.0 31673.0 22506.0 25414.0 29103.0 26264.0 
Wholesale college 
costs 
Source: Ministry of agriculture and forestry, General Administration of Planning & Agric 
Economics, 2009. 
? SDG(now)=100SDG (old) 
 
 
Appendix (6) 
Costs of Ground nut production in New Hafa  (SD/Feddan. 
99/98 2000/99 2001/2000 2002/2001 
Item 
9952539.5   6550
Preparation phase 
        
Farming operations 
9001000   1800
Agriculture 
20002500   5000
Weeding  
3500   3822
Irrigation 
32503500 010622
Among the agricultural 
operations 
        
Harvest operations 
40004800   4400
Harvest 
        
Automated processes 
        
Manual processes 
40004800 04400
Inter harvest 
        
Production inputs 
11204200   1260
Seeds, 
42004500   7500
pillows 
53208700 08760
Other production inputs 
        
Other expense 
3650    0
Charges for water and land 
5001000   3000
transportation 
2302.9246.4   0
Zakat, duties and taxes 
  4100   0
Other 
6452.95346.4 03000
Among other expense 
20017.924885.9 033332
The total cost 
 
Source: Ministry of agriculture and forestry, General Administration of Planning & Agric 
Economics, 2009. 
? SDG(now)=100SDG(old) 
 
 
 
 
 
 
 
 
Appendix (7) 
 
Prices of Some GIAD Products, 2004 – 2008 (SDG) 
 
 2004 2005 2006 2007 2008 
Tractor Massey Ferguson 465-4, 
120 hp   80,080 88,346 
 
110,000 
Tractor GIAD 285, Massey 
Ferguson, 75 Hp    38,529 38,529 
 
48,000 
Tractor Massey Ferguson 440, 
82 Hp 46,604  46,604 48,985 
 
58,000 
Tractor Massey Ferguson 660, 
150 Hp  106,632 108,452  
 
130,000 
Tractor Massey Ferguson 290   42,000 42,000 58,000 
Field Sprayer 1600 lit, trailed  6,783 6,783  9000 
Field Sprayer 2000 lit, trailed   7,000 12,000 10,500 
Field Sprayer, portable  2,964 2,964 2,965 4,400 
Trash Trailers, 4 tons 7,308 6,821 6,821  25,000 
Trailer, 4 tons, 4 tyres  7,325 7,325 7,325 16,000 
Trailer, 6 tons, 2 tyres 5,817 6,072   14,000 
Disc Harrow, 18 Blades 3,986  3,930 3,982 6,000 
Disc Harrow, 28 Blades 3,586 3,586 3,586  9000 
Disc Harrow, 14 Blades 2,551 5,043 13,017 22,984 5,000 
Disc Plough, 3 Blades 3,019  3,002  4500 
Chisel Plough, 7 Chisels 1,285  1,494 1,495 4500 
Chisel Plough, 9 Chisels   1,777 1,777 7000 
Chisel Plough, 11 Chisels   2,145 2,145 9000 
Chisel Plough, 13 Chisels   3,322 3,322 11000 
Ditcher 938 938 938  2500 
Thresher   7,634 7,634 12,000 
Seed Drill Sattara, 24 rows 3,965 3,965 6,833 6,665 10000 
Planter  8,717 8,717 10,153 11,000 
Leveler, Gasabiya 838 1,432 1,432 1,432 2,500 
Forage Baler, Disc  3,055 3,055 3,055 6000 
Ridging machine  1,500 1,500  2,500 
Ridger 2,752  3,019 3,019 5,000 
Fertilizer Broadcastor  2,942 2,942  3,500 
Bricks Maker  35,000 35,000  45000 
Water Tanker, 1000 Gallon 10,870  10,870 10,870 25,000 
Fuel Tanker , 1000 Gallon 11,870   10,860 22,000 
Mechanical Planter  5,500 5,500 5,500 8,000 
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